ABSTRACT This investigation studied the effects of different feed withdrawal times, water temperatures, and their interaction on growth performance, carcass traits, blood parameters, and health aspects of native turkeys (Egyptian local breed). We distributed native turkey poults (n = 180; 4 wk old) into 3 groups according to feed withdrawal time (ad libitum; feed withdrawal from 800 to 1,400 h, FW8 to 14; and feed withdrawal from 1,400 to 2,000 h, FW14 to 20). Each group was further divided into 2 subgroups corresponding to water temperature (ordinary and chilled water). Our results indicated that birds of FW14 to 20 exhibited the highest (P = 0.0001) body weight (BW) and average daily gain (ADG), whereas turkeys that drank chilled water displayed a higher BW than those that drank ordinary water. Turkeys that were kept under FW8 to 14 and drank chilled water displayed the highest BW at marketing and ADG from 4 to 16 wk of age. The lowest feed conversion ratio (FCR) was exhibited in turkeys kept off feed under the FW14 to 20 regime. Birds that were kept under FW14 to 20 and received chilled water showed the lowest FCR. The meat color scores of the birds that drank chilled water were higher than those that drank ordinary water, whereas birds kept off feed under the FW14 to 20 regime displayed the highest tenderness and juiciness, followed by those fed ad libitum. Turkeys reared under FW14 to 20 exhibited the highest albumin/globulin ratio and glucose content but the lowest globulin and aspartate transaminase (AST) values. Birds that were kept under FW14 to 20 and drank chilled water displayed the lowest corticosterone concentration. Turkeys reared under FW14 to 20 presented the lowest body temperature. Birds that drank chilled water exhibited a lower body temperature than those that drank ordinary water. Turkeys that were fed ad libitum and drank chilled water displayed the lowest body temperature. Conclusively, applying feed withdrawal and cold water had benefits in turkeys during heat stress. Applying these treatments as managerial alternatives for raising native turkeys during the summer season is highly recommended.
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INTRODUCTION
In today's poultry industry, practices regarding management and feeding systems are among the most important factors for poultry producers, especially in hot climates, because they have the potential to reduce the relative heat load. Heat stress is one of the main factors exerting a consistent influence on poultry performance and physiology in tropical and subtropical zones (Akbarian et al., 2016) . High ambient temperature has long been known to depress growth performance C 2018 Poultry Science Association Inc. Received November 7, 2017. Accepted April 18, 2018. 1 Corresponding author: shoveldeen@shvri.ac.cn (De Silva and Kalubowila, 2012) . It is worth noting that most of the bird's heat load is the result of metabolic heat, as a consequence of digestion, absorption, and nutrient assimilation or excretion. The results of several studies, including those of Wilson et al. (1989) and Yahav et al. (2004) , revealed that the heat production associated with feeding is greatest with the early morning feeding of birds. This finding suggests that if birds are fed at 600 h, the peak heat load will occur at 900 to 1,100 h, which usually precedes the metabolic heat load on poultry farms. Therefore, birds would encounter problems if feeding were performed around 1,000 to 1,100 h, as the heat of feed utilization would then coincide with the hottest part of the day, particularly during summer in tropic and subtropical regions. In subtropical regions, limiting feeding to cool hours is a common practice for combating heat stress (Mahmood et al., 2005) . It is advisable to change the timing of feeding to the morning and evening or use the night feeding principle (Fisinin and Kavtarashvili, 2015) during heat stress. In broilers, the most suitable and profitable feeding regimen during heat stress involves feed withdrawal for 6 to 8 h/d (Özkan et al., 2003; Rambau et al., 2016) and is associated with a reduction of fat deposition with no mortality (El-Sagheer and Makled, 2005) . Thus, feed withdrawal during hot periods can reduce the harmful effects of high ambient temperature (Syafwan et al., 2011) . Although starving broilers during the hottest periods of the day (from 900 to 1,600 h) is associated with reduced performance under moderate tropical conditions, it helps alleviate heat stress by decreasing body temperature (Lozano et al., 2006) .
Water is the most important nutrient for poultry. During periods of extreme heat stress, water consumption may easily quadruple (Abioja et al., 2011) . The temperature of drinking water should be 10 to 15
• C for consumption by mature birds, but some studies have indicated that a water temperature of approximately 25
• C decreases mortality in chicks and poults (Harris et al., 1975) . Temperatures over 30
• C will reduce consumption, and birds will refuse to drink if the water temperature is over 44
• C (Beker and Teeter, 1994) . Water temperature plays an important role in the performance of the birds. Birds will suffer from extreme thirst rather than drink water that is a degree or 2 above their body temperature (Jones and Watkins, 2009) . As long as the water temperature is below their body temperature, the bird receives some benefit from drinking because it aids in heat dissipation and body temperature regulation (Abioja et al., 2011) . Chilled water has been shown to improve the performance of broilers and layers. A water temperature below the body temperature of the bird will be beneficial, as the consumed water will aid in decreasing body heat temperature (Fairchild and Ritz, 2009 ).
There has been significant interest in methods for reducing the negative impacts of hot summers by altering the feeding system (Farghly, 2009 (Farghly, , 2011 (Farghly, , 2012 Farghly and Hassanien, 2012) . The application of a suitable feeding system has been suggested as one method to efficiently adjust body temperature to obtain optimum metabolism. Therefore, the main objective of this study was to investigate the effects of feed withdrawal times and water temperature on growth performance, carcass traits, blood parameters, and some health aspects of native turkeys under summer conditions in Egypt.
MATERIALS AND METHODS
The current trial was conducted at the Research Poultry Farm, Poultry Production Department, Faculty of Agriculture, Assiut University, Assiut, Egypt. All experimental procedures were performed according to the Local Experimental Animal Care Committee and were approved by the institutional ethics committee of the Department of Poultry Production, Faculty of Agriculture, Assiut University, Assiut, Egypt.
Experimental Design, Birds, and Management
A total of 180 native turkey poults (Egyptian local breed) were used in the current study beginning at 4 wk of age. Mixed sex poults were divided into 6 equal groups in a 3 × 2 factorial experimental arrangement (5 pens of 6 poults each). The poults were allocated into 3 main groups according to the feed withdrawal time (ad libitum; feed withdrawal from 800 to 1,400 h, FW8 to 14; and feed withdrawal from 1,400 to 2,000 h, FW14 to 20). Each main group was further divided into 2 subgroups corresponding to water temperature (ordinary or water chilled at 15 to 16
• C). All experimental birds (poults were purchased from a commercial farm in Assiut, Egypt) were raised under similar environmental, managerial and hygienic conditions, on deep litter with a thickness of 5 to 7 cm in an open-sided house (40 m × 8 m, supplied with fans). The turkeys in each replicate were stocked in 2 m 2 floor pens in the same house. The indoor temperature, relative humidity levels, and calculated temperature-humidity index (THI) of the house can be found in Table 1 . THI values were obtained using the formula described by Marai et al. (2001) 
where db • C = dry bulb temperature in Celsius, and RH = relative humidity percentage/100. The experiment lasted for 12 wk. The turkeys were reared under 12 h light/day, with an intensity of 5 to 10 lux. Clean water was available during the experimental period. The birds were fed a basal diet (24.0% crude protein, 2,900 kcal ME/kg of diet, 2.71% crude fiber, 1.61% Ca, and 0.67% available phosphorus) from 4 wk until 16 wk of age.
Data Collection and Calculations
Body weight (BW) was recorded on an individual basis at 4, 8, 12, and 16 wk of age. Average daily feed intake (ADFI) was observed on a replicate basis at the same ages, and average daily gain (ADG) and feed conversion ratio (FCR) (g feed/g gain) were calculated every 4 wk. At 16 wk of age, 3 males per group were randomly chosen and were fasted for 6 h before slaughter. The heart, liver, and empty gizzard (or giblets) were removed and weighed. The carcass was dissected manually, and the following data were recorded: carcass weight and dressing percentage ((carcass weight + giblets weight)/live body weight) × 100 and the weights of the liver, heart, gizzard, and abdominal fat. A sensory evaluation was also carried out, in which a test panel consisting of 5 panelists judged meat samples (boiled breast meat) according to their color, flavor, tenderness, and juiciness, with grades of up to 10 points. Blood samples (5 mL from each bird) were collected during slaughter to determine blood parameters. Plasma was separated via centrifugation at 3,500 rpm for 20 min and then stored at -20
• C until being assayed. Plasma total protein, albumin, glucose, cholesterol, and corticosterone levels and transaminase enzyme activities (aspartate transaminase [AST] and alanine transaminase [ALT]) were determined colorimetrically using commercial kits (Bio-diagnostic, Cairo, Egypt) according to the manufacturers' guidelines. The plasma globulin concentration was calculated from the difference between total protein and albumin, and the albumin/globulin ratio (A/G) was calculated. Corticosterone levels were measure according to the method described by Thaxton et al. (2005) . Differential leucokyte counts were determined using conventional methods in 1 drop of blood on a slide. Plumage condition was assessed at 16 wk of age, by evaluating the distribution of feathers over the body, using a scale from 1 (completely feathered) to 5 (featherless). Body temperature (
• C) was recorded at 16 wk of age, using a thermometer inserted into the rectum for 2 min at depth of 2 cm in the morning (600 to 700 h, during bird weighing). The incidence of breast blisters was determined according to the method of Gresham and Barwick (1962) . The skin above a breast blister was thin, glossy, and movable, often with few or no feathers. It had the appearance of atrophic skin, but the epidermis was otherwise appeared intact. The blisters varied in size, with the larger ones showing fluctuations and palpable node-like structures in places. According to the variations in the size and severity of the breast blisters, the scoring system ranged from 1 (no breast blister) to 5 (large and severe breast blister). The scores for leg problems ranged from 1 = no leg problems (hock discoloration or foot pad dermatitis) to 5 = total coverage of red hock discoloration or total foot pad dermatitis. A tonic immobility test was carried out on the birds at 16 wk of age according the method described by Yalcin et al. (2003) . Dead birds were recorded daily, and mortality was expressed as a percentage (mortality rate, %) during the experimental period.
Statistical Analysis
The data were normally distributed and were subjected to statistical analysis using the general linear model of the SAS program (SAS Institute, SAS 2009) . Differences between means were tested with Duncan's multiple range test at the level of α = 0.05 (Duncan, 1955) . The percentages of the studied traits were transformed to Arcsine values and then re-transformed to the original values after analysis. The scores for conformation and health aspects were tested with a nonparametric rank test, using the NPAR1WAY procedure of SAS.
RESULTS

Body Weight and Average Daily Gain
The results for BW and ADG as affected by feed withdrawal times, water temperature, and their interaction are presented in Table 2 . There were significant differences (P < 0.01) in BW and ADG at 12 and 16 wk of age, due to feed withdrawal, water temperature, and their interaction. Birds kept under FW14 to 20 displayed the highest BW and ADG among all groups. Turkeys that drank chilled water recorded significantly higher BW than those got ordinary water. Turkeys that were reared under FW8 to 14 and drank chilled water presented the highest BW at marketing and the highest ADG during 4 to 16 wk of age among all groups in the study.
Average Daily Feed Intake and Feed Conversion Ratio
Feed withdrawal time, water temperature, and their interaction did not significantly affect ADFI (Table 3) . On the other hand, feed withdrawal time or the interaction between the feed withdrawal time and water temperature significantly changed FCR in the following periods: 8 to 12, 12 to 16, and 4 to 16 wk of age, for feed withdrawal time, and at 12 to 16 and 4 to 16 wk of age, for the interaction (Table 3) . Turkeys kept off feed under the FW14 to 20 regime displayed the lowest FCR among all groups. Birds that were reared under FW14 to 20 and received chilled water exhibited the highest feed efficiency.
Carcass Traits
The results presented in Table 4 clearly indicate that feed withdrawal time, water temperature, and their interaction did not significantly influence carcass traits. Meat color differed significantly due to the water temperature and the interaction between the feed withdrawal time and water temperature. The meat color score for birds that drank chilled water was higher than that for those that drank ordinary water. Tenderness and juiciness were significantly altered due to the feed withdrawal time and the interaction between the feed withdrawal time and water temperature ( Table 4 ). Birds that were kept off feed under the FW14 to 20 regime presented the highest values of tenderness and juiciness among all groups, followed by those fed ad libitum.
Blood Parameters
There were significant differences in globulin, the A/G ratio, glucose concentrations, and AST activity due to the feed withdrawal time and the interaction between the feed withdrawal time and water temperature (Table 5 ). Birds reared under FW14 to20 displayed the highest A/G ratio and glucose values, but the lowest values of globulin and AST. In addition, the corticosterone concentration fluctuated significantly due to the interaction of the feed withdrawal time and water temperature. Turkeys that were reared under FW14 to 20 and drank chilled water presented the lowest corticosterone concentration among all groups. Water temperature did not significantly change any of the blood parameters (Table 5) .
Health Aspects
The feed withdrawal time, water temperature, and their interaction did not significantly influence health aspects except for body temperature, which was significantly altered (Table 6 ). Turkeys reared under FW14 to 20 displayed the lowest body temperature among all groups. Birds that drank chilled water exhibited lower body temperature than those that drank ordinary water. Birds that were fed ad libitum and drank chilled water presented the lowest body temperature, whereas those that were kept off feed under the FW8 to 14 regime and received ordinary water displayed the highest (Table 6) .
DISCUSSION
In the current work, the application of the FW14 to 20 regime resulted in the highest BW and ADG. Based on previous studies (McGovern et al., 1999; El-Sagheer and Makled, 2005) , it was expected that the feed withdrawal times used would result in a low BW and ADG. Ozkan et al. (2003) reported that feed withdrawal times from broilers from 1,000 to 1,600 h resulted in a higher BW and ADG from 5 to 6 wk of age than ad libitum-fed control group. Lozano et al. (2006) observed that feed withdrawal during the warmest hours of the day (from 900 to 1,600 h) decreased BW and ADG in broilers in the finisher phase (28 to 42 d of age). De Silva and Kalubowila (2012) concluded that male broilers fed ad libitum exhibited a higher BW at marketing and faster gain from 35 to 42 d of age than those reared under a feed withdrawal schedule from 1,300 to 1,600 h. Birds that are provided with chilled water present a higher final BW than other birds (Abioja et al., 2011) . As concluded by Degen and Kam (1998) , roosters prefer cool drinking water to warm drinking water in both summer and winter. One of the responses to heat temperature elevation is corticosterone secretion from the adrenal gland. The effects of corticosteroids are similar to those observed under stress, and treatment of birds with corticosteroids has been shown to lead to a decrease in ADG (Gross and Siegel, 1981) . The impacts of hot weather are alleviated by drinking chilled water, and birds are therefore able to gain more weight (Abioja et al., 2011) . Broilers show a more rapid ADG when given chilled water under exposure to heat stress conditions (Harris et al., 1975) . The significant feed withdrawal time × water temperature interaction effect on BW and ADG observed in the current study was mainly due to the differences in BW and ADG between the turkeys reared with different feed withdrawal times rather than those between different water temperatures. Similar results were reported by Farghly (2009), who observed a remarkable increase in the BW of Japanese quail fed from 2,100 to 300 h compared with birds fed from 900 to 1,500, 1,500 to 2,100, or 300 to 900 h. Farghly (2012) found that changing the feeding time had a significant effect on ADG. On the other hand, El-Sagheer and Makled (2005) showed that the ADG of broilers fed ad libitum without feed withdrawal was significantly higher than that of broilers exposed to 3 or 6 h of feed withdrawal. The equal ADFI values observed between the groups subjected to different feed withdrawal times may be due to the ability of the birds to adapt their consumption after the feed withdrawal period (Mahmood et al., 2005) .
Additionally, the specific energy requirements for maintenance may decrease when feed restriction is applied (Plavnik and Hurwitz, 1985) . The equal ADFI among the birds may suggest that ADFI mainly relies on energy balance (Rambau et al., 2016) , as the turkeys consumed the same amount whether they were starved in the morning or afternoon. High temperature increases ADFI during cooler times of the day (Northcutt et al., 1997) , but ADFI remained the same between the feed withdrawal times in the current study. The compensatory feed ingestion capability of birds could be as high as 150% of the normal ADFI in stress conditions (De Silva and Kalubowila, 2012) . The equal ADFI values observed in the present study suggest that the compensatory feeding capability of the turkeys became large enough that the ADFI was equal to that of the birds fed ad libitum. Hence, it may be assumed that turkeys subjected to feed withdrawal might consume greater amounts of feed when it is offered after feed withdrawal than the birds fed ad libitum. The feed withdrawal time appeared to influence FCR in the present study. The increasing ADG recorded in this work may be the reason for the improved FCR. Another likely explanation for the improved FCR of the turkeys reared under FW14 to 20 than that of the ad libitumfed turkeys may be the reduction of stress during the hot hours of the day. Feed withdrawal during hot periods of the day may reduce metabolic heat production (Zhou and Yamamoto, 1997; Urdaneta-Rincon and Leeson, 2002) , resulting in decreased stress. Therefore, the improved feed efficiency may be due to the withdrawal of feed during hot periods of the day. Hence, feed withdrawal during the hottest times of the day may aid in the resistance to heat stress by making the regulation of the expected high body temperatures much easier due to the discontinuation of further heat production during this critical period (Francis et al., 1991) . The improved feed efficiency could also be attributed to the high FC and hypertrophy of the gastrointestinal tract that occur after the restriction period (Rambau et al., 2016) . Broilers reared under feed withdrawal during the early growth phase show a lower FCR and reach a normal final weight quicker than those fed ad libitum (Saber et al., 2011) . De Silva and Kalubowila (2012) indicated that male broilers fed ad libitum displayed a lower FCR than those starved from 1,300 to 1,600 h on hot days. Farghly (2011) found that changing the feeding time resulted in a significantly improved FCR. Results similar to those obtained in this study were observed by De Silva and Kalubowila (2012) , who found that feed withdrawal did not alter ADFI. El-Sagheer and Makled (2005) reported that birds exposed to 3 or 6 h of feed withdrawal presented improvement of the cumulative FCR by approximately 2.2 or 2.7%, respectively, compared with those fed ad libitum. However, Rambau et al. (2016) reported that the duration of feed withdrawal did not significantly affect FCR in broilers.
As indicated by De Silva and Kalubowila (2012), feed withdrawal from 1,300 to 1,600 h increased dressed carcass, liver, heart, and gizzard weights and decreased the percentage of abdominal fat compared with those of the ad libitum group. The authors suggested that even in the later period of broiler fattening, when feed restriction is applied, priority is given to the growth of supply organs, such as the liver, heart, and gizzard, over that of the whole body. The optimal period of feed withdrawal is 8 to 12 h, as shown by Northcutt et al. (1997) . Hamidu et al. (2015) indicated meat yield percentages of 80, 86.4, 78, 82.9, and 80.9% under 0, 4, 8, 12 , and 16 h of feed withdrawal, respectively. The same authors recommended a feed withdrawal time of 4 h as the best strategy in broilers and attributed the highest yield observed under 4 h of feed withdrawal to the reduction of liver shrinkage or liver weight loss. Contrary to our results, Jones and Watkins (2009) demonstrated that limiting feeding at earlier ages may decrease the capacity of the liver to produce lipids, resulting in a low abdominal fat percentage. Reports of the influence of feed withdrawal on abdominal fat are conflicting. Plavnik and Hurwitz (1985) , Santoso et al. (1995) , and De Silva and Kalubowila (2012) observed a reduction in abdominal fat, whereas other studies have shown an increase (Palo et al., 1995; El-Sagheer and Makled, 2005) or no change in abdominal fat (Santoso et al., 1995; Rambau et al., 2016) in broilers subjected to different durations feed withdrawal. Farghly and Hassanien (2012) did not observe any significant impacts on sensory characteristics other than juiciness due to feed restriction. Özkan et al. (2003) , El-Sagheer and Makled (2005) , and Farghly and Makled (2015) found that feed withdrawal did not have a significant effect on carcass or meat quality traits, with the exception of tenderness and juiciness. On the contrary, Tougan et al. (2016) observed that the carcass and giblets were significantly altered by the feed withdrawal period. Türkyilmaz et al. (2006) found that the gizzard (with ingesta) exhibited a significant decrease in weight (4.5%) under 0 to 14 h of feed withdrawal. The same authors indicated that the feed withdrawal period exerted no significant impact on liver or heart weight. The current findings concerning the effect of water temperature on carcass traits are in line with those observed by Abioja et al. (2011) , who indicated that water temperature did not impact broiler carcass traits during hot weather.
Heat stress evokes the release of corticosterone and elevates the plasma concentration of corticosterone (Edens, 1978) . In the present study, the corticosterone concentration was significantly lower in turkeys that were reared under FW14 to 20 and drank chilled water, which enabled the birds to cope with heat stress. Saki et al. (2011) found that blood glucose and cholesterol concentrations were significantly affected by the pre-slaughter feed withdrawal time and suggested that the pre-slaughter feed withdrawal period should be 4 to 8 h. Farghly and Makled (2015) detected no significant differences in any blood parameter between intermittently fed chickens and a control group. Cold water significantly changed the concentrations of glucose, cholesterol, and corticosterone, as observed by Park et al. (2015) . The same authors indicated that the provision of cold water reduces sensitivity to physiological stress and body temperature elevation.
In the current study, the birds kept under FW8 to 14 and those that received chilled water displayed the lowest body temperature. Feed withdrawal for some period decreases metabolic thermogenesis to a minimum level during heat stress. As a result, the fasted birds exhibit a significantly lower body temperature than control birds during heat exposure (Soutyrine et al., 1998) . Feed restriction for some period reduces the body temperature of broiler chicks during hot weather (Mahmood et al., 2005) . Smith and Teeter (1987) indicated that feed withdrawal can prevent an excessive body temperature increase and enhance survival, without causing a significant weight reduction. Poultry species should be fed in the morning and evening hours. Metabolic heat production is 20 to 70% lower in fasted birds than in fed ones, and the thermogenic effect lasts for approximately 10 h at 35
• C but only 2 h at 20
• C. Therefore, feed should not be provided during mid-day, as the heat from digestion will increase body temperature (Farghly, 2011; Farghly and Hassanien, 2012) . Birds are homoeothermic animals and maintain their body temperature through adaptive behavioral and mechanical reactions of thermoregulation by exchanging heat with the environment (Mello et al., 2015) . In the present work, feed withdrawal caused a decrease in body temperature and may have exerted positive effects on the overall performance of the turkeys. Broiler chicks subjected to feed withdrawal (from 900 to 1,600 h) in a previous study showed a reduction in body temperature at 35 and 41 d of age in comparison with ad libitum-fed chicks (Lozano et al., 2006) . In the present work, the provision of chilled water resulted in a decreased body temperature. Similarly, Park et al. (2015) reported that providing cold water suppressed the body temperature of broilers. Drinking chilled water acts by cooling the animals' body core via conduction, due to the difference in the temperature of the drinking water and urine, mediated by cooling the area of the hypothalamus. This effect, together with the high specific heat of water and the retention of body water after drinking chilled water, helps alleviate the rise in body temperature, as reflected in the reduction of rectal temperature (Marai et al., 1999) . Drinking water at a temperature below the body temperature of the bird will help dissipate body heat (Fairchild and Ritz, 2009 ). This effect was reflected in the BW of the turkeys in the present study. Feed withdrawal from 800 to 1,700 h was reported to result in a reduction of tonic immobility in broilers under heat stress (Yalcin et al., 2003) . These authors added that the duration of tonic immobility can be used as an indicator for measuring fearful behavior and as a criterion for measuring the well-being and stress levels of poultry species. The mortality rate of the turkeys in the present study was insignificantly higher under the feed withdrawal regimes than in the ad libitum group, consistent with the findings of Rambau et al. (2016) . However, our results contrasted with those of Mahmood et al. (2005) , who indicated that feed withdrawal aided in reducing the mortality of broilers. Similar findings to those presented here were reported by Mahmood et al. (2005) . However, Farghly (2011) and Farghly and Hassanien (2012) found that the body temperature of turkeys in the afternoon was significantly lower than that of control birds. Saleh et al. (2004) indicated that limiting feeding reduced the mortality rate likely because it decreases obesity, fat deposition, metabolic diseases, and skeletal problems. Water temperature was not found to significantly affect broiler survival during the hot-dry season in a previous study (Abioja et al., 2011) . The present findings disagree with those of El-Sagheer and Makled (2005) , who showed that all broiler groups subjected to feed withdrawal presented fewer deaths than those fed ad libitum.
CONCLUSION
The findings of the present study indicated that the best performance and physiological characteristics of turkeys reared under natural heat exposure were obtained when feed withdrawal and chilled water were applied. The combination of these techniques may be used to adapt commercially raised turkeys to hot climate conditions and to enhance their tolerance to heat stress. It is recommended that for profitable turkey production in the tropics and subtropics, a regime involving feed withdrawal (especially during 1,400 to 2,000 h of the day) and chilled water should b considered.
